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CHAPTER - I 
I N T R O D U C T I O N 
1 
I N T R O D U C T I O N 
Metal complexes are useful in various branches of 
chemistry. The complex farming reagents are used both in 
qual i ta t ive and quanti tat ive analyses. The development of 
the theory of ccmiplexation provided a foundation for new 
developments in the f ie ld of colour lakes such as a l iza r in 
lakes. In jahysiological chemistry, the biuret react ion, the 
amino acid sa l t s of heavy metals and medicinals of pyro-
catechol ser ies are i l l u s t r a t i o n s of useful coordination 
compounds, chlorophyll, blood pigments and cytochrcsne have 
special place as these are indispensable for l i f e processes. 
Among a large number of natural products belonging to 
biological systems, the amino ac ids , nucleosides and nucleo-
t ides form a very important class of ligands containing 
nitrogen and oxygen atcms in the i r functional groups. In 
biological systems metal ions have a very important role 
because almost a l l enzymatic reactions are mostly activated 
or controlled by the metallic cations which are in the 
combined s ta te with prote ins , l ip ids and other related 
compounds. 
Amino acids are soluble in water, amphoteric e lec t ro -
lytes and having ab i l i t y to form acid s a l t s and basic s a l t s 
and thus will act as a buffer over a t l eas t two ranges of 
pH due to the presence of amino and carboxylic groups, itiey 
are dipolar ions with high e l ec t r i c moments with the 
capacity to increase the d ie lec t r i c constant of the solvent 
in which they are dissolved. The presence of reactive groups 
enables them t o par t ic ipate in a variety of chemical t r ans -
formations and degradations forming polymers» polypeptides, 
short or long chain acids , a l l of v^ich are d i rec t ly or 
indirect ly ccvmected with biological processes. Amino acids 
are the inevitable consti tuent of the diet of a l l l iving 
beings including man. Almost a l l the natural ly occuring 
amino acids belong to the cC -category with asymmetric 
centres and are the essent ia l constituents of protein mole-
cules. The protein molecules are characterised biologically 
and chemically by the number, d is t r ibut ion and spat ia l in ter 
re la t ion of amino acids fron which they are derived. 
Itie s imi la r i t i es in natural ly occuring amino acids 
are because of the presence of optical ro ta t ion a t the 
oC-carbon atcan. But there are d i ss imi la r i t i es a l so . This i s 
because each of them possesses a different side chain which 
distinguishes them individually from the others - chemically 
and biological ly . The chemical reac t iv i ty of amino acids as 
coordinating ligands l i e s in the presence of two effective 
donor atons in the s t ruc ture , H2N-CHR-CO0", each of the 
natural amino acids i s thus capable of forming a stable 
S-merobered chelate r ing. 
The capacity of amino acids to form metal complexes 
i s not only of theoret ical importance but of very great 
pract ical significance. Although copper sa l t of leucine 
was the f i r s t prepared in 1854 by Gossmann^ ,, i t was Ley"^  
yitxo drew a t t e n t i o n towards remarkable physical p roper t i e s 
of the metal complexes of glycine and other amino acids t h a t 
t h e i r t h e o r e t i c a l value began t o be apprec ia ted . Ley a t t r i -
buted the formation of the d ig lyc ina te copper ( I I ) t o the 
f ormaticai of "inner complex s a l t " of s t ruc t t i re 
Fur the r , Ley and coworkers showed t h a t a l t h o u ^ 
tfC- and S-amino acids may form s t ab le copper complexes V-
and <5 -amino acids do no t . Later works of Adberhalden and 
Schni tz ler and Birkofar and Hartwig presented evidence 
of inc reas ing s t a b i l i t y with increased length of the s ide 
chain R. However, i t i s now bel ieved t h a t s t a b i l i t y , in 
genera l , i s independant of the nature of the s ide chain but 
dtependent of d i s soc ia t ion constant of the complexing ni t rogen, 
The fact t h a t the s t a b i l i t y of 5-membered r i n g s play main 
r o l e in amino ac id complexes i s demonstrated by the formation 
of most s t a b l e complexes with c< -amino a c i d s , whereas 
3 -amino ac id complexes, being less s t a b l e , form 6-merabered 
r i n g s . The T - , 0 - and £ - amino acids w i l l form complexes 
involving more than 6-membered r ings and wi l l be thus 
uns tab le . 
J u s t as the amino ac ids are the bui ld ing blocks of 
polypept ides , the nuc leo t ides a r e the raonomeric u n i t s of 
4 
nucle ic acld^» As one type of pro te in molecule I s d i s t i n -
guished from another by the sequence of the c h a r a c t e r i s t i c 
s ide chains or R groups of the amino ac id monomers, each type 
of nucleic ac id i s d i s t ingu ished by the sequence of the 
c h a r a c t e r i s t i c he te rocyc l ic bases of I t s nucleot ide monomers. 
A nucleot ide conta ins th ree c h a r a c t e r i s t i c canpc»ents : 
(1) a ni trogenous he te rocyc l i c b a s e , which i s a de r iva t ive of 
e i t h e r pyrlmldlne or pu r ine , (11) a pen tose , and ( i l l ) a 
molecule of phosphoric a c i d . Four d i f fe ren t deoxy-rlbonucleo-
t ldes serve as the major compcments of DNA : they d i f fe r 
from each other (xily in t h e i r ni trogenous base components. 
These are the purine de r iva t ives adenine and guanine and 
the pyrlmldlne de r iva t ives cytos lne and thymine. In RNA, 
the pyrmidlne base thymine i s replaced by u r a c i l . Ihe other 
difference i n the composition betv«een the two nucle ic ac ids 
i s t h a t DNA conta ins the pentose component, 2-deoxy-D-
r i b o s e , whereas RNA contains D-rlbose. yftien the phosphate 
group of a nucleot ide I s removed by h y d r o l y s i s , the remaining 
s t r u c t u r e i s ca l l ed a nuc leos ide . Thiis, nuc leo t ides are the 
5^-phosphates of the corresponding nucleosides (Table 1.1) 
The study of I n t e r a c t i o n s of metal ions with nucle ic 
a c i d s , nuc leo t ides and nucleotlde-enzyme systems could be a 
complex problem. And the problem would be fur ther complicated 
by the d i f f e ren t binding behaviour amcmg var ious metal i o n s . 
However, i t >ii»ould be bene f i c i a l t o understand the i n t e r a c t i o n s 
Table 1«1 Purine and Pyrimldine Bases , Nuc leos ides and 
Nucleot ides* 
Base Nucleos ide Nucleot ide 
H 
( I )Pur ine 
NH. 
> N 
I 
H 
(a} Adenine 
NK< 
HO-CH2^0 
AMP 
( b ) Guanine H3-CH2 o 
HjN 
CH 
I 
lW>-P-0-CH2 
Gu&noslne 
CH CH 
OMP 
r o n t d . . . Table 1.1 it 
Base Nucleos ide Nucleot ide 
( iDPyr imld ine 
NH, NH, 
I 
H 
( a ) c y t o s i n e 
Oi-CHo O 
H 
CH CH 
C y t i d i n e 
t> 
I 
H 
(b) Thymine 
l«-CH 2 ^ 0 
H 
d-thymidine 
Contd, . Table l , l 
Nucleoside Nucleotide 
«0'-CH2^0 
H 
CH CH 
I n o s l n e IMP 
Contd Table 1,1 
c 
a 
Base Nucleosl(te Nucleot ide 
I 
H 
( c ) u r a c i l 
H 
N ^ 
HO-CH 
H 
2 ^ 0 
CH CH 
u r i d i n e 
CH 
HO-P-O-CH^ o 
CH CH 
UMP 
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of metal Ions with the cons t i t uen t s of these macroreolecules* 
the nucleot ides and nuc leos ides . 
7 Katz discovered a remarkable r e v e r s i b l e decrease in 
t he v i s c o s i t y , as well as changes in other p r o p e r t i e s , on 
addi t ion of mercuric ch lor ide t o nucle ic ac id s o l u t i o n , 
i nd i ca t i ng some kind of configxirational rearrangement. This 
discovery paved the way t o study the binding s i t e s by 
Richard Simpson^. Later on he ca lcu la ted the a s soc i a t i on 
constants of methyl mercuric and mercuric ions with the nuc-
leos ides covering the whole pi range by spectrophotoroetric 
s t u d i e s . At acid pH, a s imi la r study was made by Davidson 
9 lO and coworkers • • They noted, i n add i t ion t o the expected 
binding t o the ni t rogen s i t e s having t i t r a b l e hydrogens, 
exis tence of binding to the primary amine n i t rogen . Those 
nucleosides (eg, adenine , guanine, e t c . ) having pfimary amine 
groups, showed weak binding %i^ile inos ine and ur id ine did 
no t . The conductcmeric t i t r a t i o n of GMP and IMP with Ag(I) 
revealed tha t 1 mole of Ag(I) combined with 1 mole of GMP 
or IMP, These observations were made by Tu and Reinosa , 
Taqui Khan and Martell^^*^^ s tudied the i n t e r a c t i o n 
of adenosine phosphates with var ious metals found in 
b io log ica l systems. The s t a b i l i t y cons tants of the 1:1 
che la tes of ATP with var ious a lka l ine e a r t h s and t r a n s i t i o n 
metal che la t e s were determined. They found t h a t the s t a b i l i -
t i e s increased in the order Ba^*/ sr^"**^ Ca^"*"/ Mg "^*"^  Zn^ "*" 
r (» 
Mn "^^ Co " ^ N i ' ' "^ cu . Thermodynamic q u a l i t i e s assoc ia ted 
with the above metal c h e l a t e s , t h e i r f i r s t and second hydro-
l y s i s cons tan ts and dimerisaticxi cons tants of Cu(II) - ATP 
che la te were a l so r epor t ed . 
14 TaquiMian and Martel l fur ther extended t h e i r 
s tud ies t o the i n v e s t i g a t i o n of s t a b i l i t y constants and 
thermodynamics of metal che la te species formed by ADP, AMP-2, 
AMP-3 and AMP-5 with b iva len t metal i ons . Similar t o the ATP 
c h e l a t e s , entropy was the p r inc ipa l d r iv ing force for the 
formation of var ious metal che la te species in so lu t ion . 
Potent!oroetric s tud ies of metal ccroplexes of pyrimi-
dines cy tos ine , u r a c i l and thymine in aqueous so lu t ion 
revealed the N(3) pos i t ion of pyrimidine r i n g as the most 
15 probable s i t e of metal ion i n t e r ac t i on - • But i nves t i ga t i ons 
i n purine nucleosides (xanthosine and inos ine ) have shown 
t h a t binding t o the metal i s through 0(6) and N(7) 
In t h e i r de t a i l ed physico-chemical s tud ies on the 
complex formation of xanthosine with a l k a l i n e e a r t h and 
t r a n s i t i o n metal ions by potent iometr ie t i t r a t i o n s , Rabindra 
21 Reddy e t . a l found a p r e c i p i t a t e before the i n f l e c t i o n po in t . 
Assuming simultaneous formation of normal 1:1 complex and a 
protonated 1:1 complex, t h e mathematical t reatment of data 
before p r e c i p i t a t i o n point gave negative r e s u l t s , thus 
conforming the formation of cmly protonated I s l complex. 
Ihe s t a b i l i t i e s of 1:1 complexes were in accord with 
11 
I rving-wil l iaras order except for C a ( I I ) . But the s tudies 
f a i l ed t o explain the h ic^ s t a b i l i t y of ca ( I I ) (41og K = 2,37) 
conpared t o Mg(II) u^log K = 2.22] • They a l s o not iced r e l a -
t i v e l y small valties of ^ H ? coupled with la rge values of ^ S £ 
and therefore concluded t h a t entropy i s the main dr iv ing force 
fee complex formation in so lu t ion i s^ 
To a chemist, most of the b i o l o g i c a l systems are jus t 
mixed l igand complexes. One of the dr iv ing farces for such 
b io log ica l processes i s l igand- l lgand i n t e r a c t i o n s . At 
b io log ica l jH these i n t e r l igand i n t e r a c t i o n s determine the 
e f f ic iency and s p e c i f i c i t y of such processes as i n t e r c a l a t i o n 
22~ 
occurring i n pro te ins* enzymes, DNA and RNA, • To gather more 
information about these i n t e r a c t i o n s which occur in v ivo , 
s tud ies of t e r n a r y complexes cons i s t ing of nucleosides and 
23,24 
amino acids a re helpful • Mostly, these i n t e r a c t i o n s are 25 
noneovalent in nature • 
Arena e t>a l c a r r i ed out ca lo r ime t r i c measurements 
for eva lua t ing thermodynamic parameters for the formation 
of Cu(II) and 2 n ( I I ) complexes with ATP, L-tryphtophanate 
and L-a l an ina t e . Thermodynamic functions for the M2(ATP) 
spec i e s , ^M(ATP)L^ " , a r e determined. Larger pos i t i ve ^ H ° 
and l e s s pos i t ive ^ S accompanying formation of 
(M(ATP)(trypto)) " , as compared with (M(ATP)(alao)) . were 
considered t o i nd i ca t e the presence of l igand- l igand i n t e r -
acticMi i n the former complex. 
12 
Potent lometr lc jH t l t r a t l a i s and \i NM? s tudies 
by Fischer and Slgel of mixed l igand complexes of the type 
M(Ar)(Aa)'*" where M"*" = Cu( l l ) or 2 n ( I I ) , Ar =oC,oC-bipyridyl 
(bpy) or l , iO~phenanthroline (o-phen), Aa = a l i p h a t i c amino 
acids* revea l a s l i ^ t l y higher formation tendency for the 
systems with leucine (compared with those of a l a n i n e ) . This 
increased s t a b i l i t y may be due t o an in t ramolecular hydro-
phobic l igand- l igand i n t e r a c t i o n between the aromatic r i n g 
system of bpy ar o-phen and the i s ©propyl group of l euc ine . 
hi NMR s h i f t measurements of the mentioned systems in the 
absence and presence of Zn( I I ) confirmed the exis tence of 
such hydrophobic l igand- l igand i n t e r a c t i o n and t h a t they 
are promoted by the formation of metal icm bridge between 
the two r e a c t a n t s . The authors a l s o showed t h a t longer the 
s ide chain of a l i p h a t i c amino ac id , the l a rge r i s the 
upf ie ld s h i f t of terminal methyl group(s) r e s u l t i n g from 
the i n t e r a c t i o n with the aromatic moiety within the t e rnary 
complex. 
Ternary complexes of C u ( I I ) , N i ( l l ) , Z n ( I I ) , Co(II) 
and Mg(II) with adenine or cytos ine as primary l igands and 
dpy, o-phen, c y t o l i c and su lphosa l i cy l i c ac ids as secondary 
l igands were s tudied by Taqui Khan and J y o t h l ^ ' ' , They found 
tha t the 1:2 metal cytosine ccxnplex was more s t ab le than 
1:1 metal cy tos ine , 1:1:1 metal adenine cytosine cc 1:2 
metal adenine comples^s. 
13 
s t u d i e s on t h e t e r n a r y complexes c o n t a i n i n g p y r o -
c a t e c h o l a s secondary l l g a n d and 2 , 2 ' - b p y , 4 ^ 2 ' - p y r i d y ^ 
i m i d a z o l e , 2 - p i c o l y l a m i n e , 4-amino methyl i m i d a z o l e , e t h y l e n e -
28 29 
diamine or h i s t a m i n e a s p r imary l i g a n d s were c a r r i e d out 
by S i g e l and coworkers . A l l t h e s e mixed l i g a n d complexes were 
more s t a b l e t han expec ted from s t a t i s t i c a l c o n s i d e r a t i o n s . 
Imidazo le group showed p r o p e r t i e s s i m i l a r t o those of 
28 30 
b i p y r i d y l . * But r e c e n t l y i t was shown by Abbott and coworkers 
t h a t mixed l i g a n d complexes c o n t a i n i n g imidazo le do not show 
any s i g n i f i c a n t a s t a t i s t i c a l i t y a s b i p y r i d y l c o n t a i n i n g 
complexes. Complexes of c u ( I I ) , N i ( l l ) , c o ( I I ) and Z n ( I l ) 
wi th h i s t a m i n e , l , l O - p h e n a n t h r o l i n e or d i p y r i d y l as p r imary 
l i g a n d s and o-phospho-DL-ser ine as secondary l i g a n d were a l s o 
s t u d i e d . I t was shown t h a t t h e mixed C u ( I I ) complex was 
l e s s s t a b l e i n d i c a t i n g t h a t t h e t r i d e n t a t e amino a c i d 
behaves l i k e a b i d e n t a t e l i g a n d i n t h e mixed complex. P r o -
bab ly t h i s i s because of J a h n - T e l l e r e f f e c t which r e s t r i c t s 
t h e c o o r d i n a t i o n i n t h e a x i a l d i r e c t i o n i n C u ( I I ) complexes . 
Ternary complexes of Z n ( I I ) were more s t a b l e because of t h e 
a t t a i n m e n t of s t a b l e o c t a h e d r a l c o n f i g u r a t i o n , 
31 32 S i g e l and Coworkers ' s t u d i e d mixed l i g a n d 
cotaplexes of t h e type Cu-dipy-L (I* i s a d e n o s i n e , AMP, ATP 
or adenos ine 5 ' -monophospha te -Nd) o x i d e ) , i t iey found 
charge t r a n s f e r t a k i n g p l a c e between b i p y r i d y l and t h e 
adenine moiety of L , l e a d i n g t o s t a c k i n g . ATP-M-tryptophan 
and adenosine-S ' -monophosphate-M-A wi th t h e same pr imary 
14 
l igands as In Ref. (31) were a l s o s t ud i ed?^ ' ^^ t I t was 
shown tha t with increas ing a romat ic i ty of primary l igands 
the s t a b i l i t y of mixed l lgand complexes inc reases as i n d i -
ca ted by the order of mixed l igand complex formation cons-
t a n t s . Complexes of the system M-dlpy-L where M i s Mn(I l ) , 
2 n ( I l ) or N i ( I l ) and L i s 5 ' - t r iphospha te of I n o s l n e , 
3B gvianosine, u r id ine and thymidine have a l s o been s tudied. • 
Studies on M-blpy-nucleotlde complexes by s l g e l and 
coworkers^^'^^'"'^'"^^ Ind ica ted t h a t the coordinat ion of the 
nucleot ide i s fran the phosphate end, whereas the base par t 
i s uncoordinated. Although the base par t i s prevented from 
d i r ec t coordinat ion a t the metal ion» charge t r ans f e r i n t e r -
ac t ion occurs between the b ipyr ldy l molecule and the base 
moiety of the nuc leo t ide . 
Metal ion bridged stacked adduct formation in M-dlpy-
3fi 3 9 
nucleot ide complexes was a l s o evidenced * . I t was t h e r e -
fore assumed t h a t a l l these ccxnplexes e x i s t e d in a folded 
form and can be considered as metal ion bridged charge 
t r ans fe r complexes. These s t r u c t u r a l f ea tu res af fect the 
r e a c t i v i t y of the metal ion nucleot ide complexes in v i t r o 
and i n vivo and hence a re of biochemical s i g n i f i c a n c e . 
In order t o study the e f f e c t s of secondary l igands 
40 
on the metal xanthoslne system , the following secondary 
l igands were used s N,N-tetramethyl ethylenediamine (TMEN), 
bpy. o-phen and 5-sulfo sa l i cy l i c acid (SSA). The s t a b i l i t y 
constants of these metal ternary complexes were found to be 
hl§^er than the corresponding s t ab i l i t y constants of binary 
ccmplexes. Positive values of -A log K (defined as the 
difference in the overall 1:1:1 s t a b i l i t y constants and 
corresponding 1:1 binary ccmplexes) were due t o the stacking 
Interact ion of the llgands. 
In several other studies* the ternary complexes of 
nucleosides and nucleotides were found to be more stable 
than the binary ccmplexes. ^^ *^^'^''•^^•*^*'*^ A accepting 
capacity * ' of secondary llgands and the extensive 
association of purine, pyrlmldlne basest nucleosides and 
45 nucleotides by ver t ica l stacld.ng of bases viere sane of the 
46 
noted factors for th i s extra s t ab i l i t y , s lgel e t . a l have 
reported the influence of divalent metal ions on the associa-
tion tendency of nucleoslde-5*-phosphates recently. As the 
extra s t a b i l i t y of complexes i s usually measured in terms of 
Alog K values* ^ I c h I t s e l f varies with temperature, Rabindra 
47 Reddy e t a l ' measured the extra s t a b i l i t y in terms of other 
parameters such as AA'i^ and A ASf which direct ly measure 
the extent of extra interact ion in systems ( A A H ° andAAs? 
are the differences between the enthalpy and entropy changes 
associated with the ternary and binary complexes, respec t i -
vely), various factors have been a t t r ibu ted to account for 
t h i s extra s t a b i l i t y in the formation of ternary complexes 
of xanthoslne and Cu(II), N i ( l l ) , 2n ( I I ) , Co(I l ) , Mn(II), 
r 
O 
Mg(ll) and c a ( l l ) with bpy, o-phen, SSA and THEN. Of t h e s e , 
the s tacking i n t e r a c t i o n , which i s expected to occur between 
the purine par t of xanthosine and the aromatic secondary 
l igands , was the most e f f e c t i v e , 
vAiile comparing the i&log K values of meta l - inos ine-
glyclne with meta l -xanthos ine-g lyc ine , i t i s I n t e r e s t i n g t o 
note t h a t Inosine systems have more pos i t i ve values than 
corresponding complexes of xanthosine , i n d i c a t i n g tha t the 
are 
t e rna ry complexes of i nos in^more favoured than of xantho-
s i n e ^ ^ . This may be due t o the presence of an add i t i ona l 
donor group o(2) i n xanthosine which may compete for metal -
coordinat ion along with the 0(6) and N(7) p o s i t i o n s . Although 
the 0(2) p a r t i c i p a t i o n in t e r n a r y complexes i s not favoured 
s t e r i c a l l y , i t may exer t an influence on the 0(6) and N(7) 
binding positi<»is thus malcing the metal i n t e r a c t i o n less 
e f fec t ive and r e s u l t i n g in lower s t a b i l i t y of the t e rna ry 
ccmplexes of xanthosine in s o l u t i o n . 
I t was a l s o shown t h a t the r e a c t i ( » between the metal 
ion and the secondary l igands containing he t e ro a rona t ic 
ni t rogen and oxygen donor atoms r e s u l t s in the formation of 
s t a b l e r t e rna ry complexes than with l igands conta ining pure 
ni t rogen and oxygen donor atoms^^ • Among h i s t i d i n e and 
glycine complexes with raetal-inosine, the s t a b i l i t i e s of 
h i s t i d i n e complexes are higher than tha t of glycine complexes 
due t o 
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(a) s tacking i n t e r a c t i o n laetween purine p a r t o£ inos ine and 
imidazole moiety o£ h i s t i d i n e * 
46 ( b ) A accept ing capaci ty of imidazole r i ng of h i s t i d i n e , 
and 
(c) involvement of a l l ava i l ab le dcmor s i t e s in metal 
coord ina t ion . 
49 CJiaudhari and s i g e l found a change i n absorption 
due to the formation of a staclced adduct between b ipyr idy l 
and purine moiety of ATP, inos ine and ITP by UV-difference 
spectroscopy and compared the r e s u l t s with potent iometr ic 
t i t r a t i o n , Hi NMR s tud ies and spectrophotometry. They d i s -
cussed the s t r uc tu r e of protonated nucleot ide complexes with 
metal ions C o ( l I } , N i ( I I ) , Cu(II) and 2 n ( I I ) . They mre of 
the opinion t h a t i n M(bpy)(HITP)~ the proton i s located a t 
the y-pbosptisite group and t h a t for ATP, the r e s u l t i n g com-
plexes were protonated at N(i) of adenine moiety. 
Tlie influence of a l i p h a t i c amino ac id side chain on 
the s t a b i l i t y of t e rnary complexes of C u ( I I ) , N i ( I I ) , Zn ( l l ) 
and Co(II) with purine nucleosides ^ I n o and )Can j revealed 
tha t among the two d i f fe ren t forms e x i s t i n g i . e . stacked 
and open, the stacked form s t a b i l i s e s the t e r n a r y system in 
so lu t i on . This enabled Rabindra Reddy and coworkers t o 
ca l cu la t e the dimensioniess constant K_, defined as 
Kj = &^^"° / ^^"><^ l ] Stacked 
[M^Clno/xanXAAJ] 
Open 
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Alanine, o^—arainobutyric a c i d , norvai ine and nor leucine were 
used as AA's. The l a s t two have higher Kj v a lue s . This accoxmts 
for more 'Stacked farm' s p e c i e s . 
The te rnary complexes jarovide a model for the metal 
d i rec ted r eac t i ons in cases v^ere the metal ion a c t s as a 
co l l ec to r of l igands and ca ta lyses t h e i r r eac t i ons by con-
ve r t ing a bimolecular r e a c t i o n t o a monoroolecular r e a c t i o n . 
This was observed i n the r eac t i ons involving exchange of 
funct ional groups and schif f base formation. In other cases 
a l s o where the r eac t ions ca ta lysed by the coordinat ion of the 
sxibstrate with the metal i o n , the metalloenzyme i s not a 
bare metal ion . I t i s bound t o a pro te in or porphyrin, though 
they do not d i r e c t l y take par t i n the r e a c t i o n . In working 
out a r t i f i c i a l enzymes or enzyme models.metal ions bound t o 
a c a r r i e r l igand were used. The choice of a c a r r i e r l igand 
i s made in such a way t h a t i t imparts the same degree of 
r e a c t i v i t y as i s imparted by the funct ional groups tha t bind 
the metal ion t o the enzyme. Thus, the study of a r t i f i c a l 
enzyme binding t o the subs t r a t e i s a study of te rnary com-
51 plexes • The study of t e rna ry complexes can thus he lp in 
understanding the fac tors t h a t influence the biochemical 
reac t i cms . 
CHAPTER - I I 
STABlUtTY AND STABILITY CCNSTANTS OP COMPI£XED 
fETAL ICtfS 
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Metal ions in aqiieous solution have strong interacticxi 
with water molecules. The introduction of a new ligand species 
in the place of a water molecule i s a case of ligand replace-
ment react ion. The formation of metal complexes in soluticxi 
with particular ligands must occur via the successive repla-
cement of hydration molecules. The extent to %^ich th i s may 
occur in a particular reacticm i s known as the l a b i l i t y of the 
species and the ccwaplex i s termed lab i l e i f subst i tut ion 
reactions' of the above type occur rapidly. Often, the terms 
l a b i l i t y and s t a b i l i t y makes one confused. The term l a b i l i t y 
refers t o the ease with which substitution processes occur 
and so i s concerned with the k inet ic s t a b i l i t y of a particular 
spec ies . Thermodynamic s t a b i l i t y of a ccMoplex i s expressed 
quantitatively in terms of s t a b i l i t y constant. The thermo-
dynamic s t a b i l i t y i s a question of the extent t o which a 
complex wi l l be formed from or trdusform in to other species 
i n a system at equilibrium. In the f i r s t case , one i s consi-
dering the rate at which changes wi l l occur which wi l l lead 
to the f inal attainment of equilibriiim **ii le, in the other, 
t o changes in a system which has already reached eqiiilibcium. 
Equilibrivmi i s that s tate at %*iich the rates of forward and 
backward reactions become equal. 
An equilibrium constant i s a quotient involving the 
concentrations ac a c t i v i t i e s of reacting species in solution 
at equilibriinn. Thus, for the reaction 
k 
aA + bB + '' "^  cC + dD + 
I t I s defined as 
c d 
k- a , a • . • 
— I — . K = - ^ 2 . . . . (1) 
\ •<? a b 
^ e r e a refers t o the a c t i v i t i e s . This constant i s related 
d irect ly t o the Gibb's free energy differences between the 
reactants and products in the ir standard s ta tes and so i t can 
be a measure of the r e a c t i v i t i e s of reactants and products. 
Also, th i s free energy may s p l i t further i n t o heats and 
entropies of reaction (with the knowledge on the enthalpy 
changes) and thus give further i n s i g h t s . 
Determinaticxi of the a c t i v i t i e s of complex ionic species 
at in f in i t e diluti<xi and in real solutions i s a very d i f f i -
cu l t and time consuming task. I t i s a general practice from 
the practical point of view to xaeasure equilibrium constants 
at constant ionic-strength maintained by additicm of a suppor-
t ing e l e c t r o l y t e . The equilibrium constant determined at 
constant ionic-strength would then be indicated by 
tfhere [[ J stands for molar concentrations. 
In addition to the ease of measurement, t h i s practice 
has further advantages. For example, the quantit ies involved 
may be substituted d irect ly i n t o mass balance equations 
K - ^^^ ' ^ ^ ( 2 ) 
*= a fcnb 
• • • • 
0 •" 
employed for s t a b i l i t y constant and pcotonation constant 
c a l c u l a t i o n s . Also* the concentrat ion q u a n t i t i e s determined 
p o t e n t i o m e t r i c a l l y correspond t o the qxiant i t ies measxjred by 
other techniques l i k e absorbance. The choice of the nature 
and concentrat ion of the supporting e l e c t r o l y t e has becorae 
p a r t i a l l y , but not complete ly , s tandardised . I t may be pointed 
out that for a reference s o l u t i o n containing the supporting 
e l e c t r o l y t e , the concentraticxi constants (eq. 2) are very c l o s e 
t o the true thermodynamic constants because the a c t i v i t y 
c o e f f i c i e n t s change very l i t t l e i n going from s o l u t i o n s a t 
f i n i t e concentrat ion t o s o l u t i o n s in which the s o l u t e s are at 
52 i n f i n i t e d i l u t i o n i n the same supporting e l e c t r o l y t e 
Conventions employed for express ing Equilibrium Constants 
Protonation and complex formation e q u i l i b r i a may be 
exfflressed i n severa l Kiays and severa l d i f f e r e n t kinds are in 
commcxi use i n the l i t e r a t u r e * such as a c i d d i s s o c i a t i o n c c » s -
t a n t s , s tepwise d i s s o c i a t i o n c o n s t a n t s , formation c o n s t a n t s , 
i n s t a b i l i t y c o n s t a n t s , s tepwise formation c o n s t a n t s , overa l l 
formaticm constants* hydro lys i s c o n s t a n t s , displacement cons -
t a n t s , exchange constants* i somer iza t ion cons tant s* mixed 
l igand c o n s t a n t s , mixed metal i o n formation c o n s t a n t s , e t c . 
Such a large ntimber of equi l ibr ium express ions i n d i c a t e s the 
importance of c l e a r l y de f in ing the equi l ibr ium quot i en t s : the 
most coRRKXi express ions used i n the current l i t e r a t u r e are 
s tepwise protcmaticxi constants for the l i g a n d , and e i t h e r 
overa l l metal complex protonat ion ccmstants or s tepwise 
formation c o n s t a n t s . 
S t a b i l i t y of complexed Ions i n So lut ion 
A complexation reac t i<» between a metal ion M and a 
l lgand X of maximum coordinat ion number n i s wr i t t en as 
MCHJO)^* nX ^ = i MXjj + nHjO . . . , (3) 
The l igand i s assumed t o be monedentate and s o no b inuclear 
complex formation occurs« The thermodynamic o v e r a l l s t a b i l i t y 
cons tant , f^ MXjj f i s then def ined by 
PMXJJ = ~n ^My_ 
*M • V 
( 4 ) 
Since such complexing processes are regarded as occuring by 
a s e r i e s of s t a g e s , i t i s p o s s i b l e t o write a s e r i e s of n 
e q u i l i b r i a for the formation of each intermediate complex* 
together with the corresponding o v e r a l l s t a b i l i t y constants . 
M + X ^ MX, p Mx 
M + 2X ^ Z i i MX2, pMXj » 
M + nX ^ MX^, P MXj^  s 
^Mx 
a . a M* X 
^MXj 
-M^V' 
^-^n 
^M- <^X>" 
. . . . (5) 
. . . . ( 6 ) 
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Each of the above eqxi i l ibc la r e f e r s t o the o v e r a l l foannation 
i n one s tage of each con^lex s p e c i e s . I t i s a l s o p o s s i b l e to 
express the foinmation i n terms of constants r e f e r r i n g s p e c i -
f i c a l l y t o the additicxi of l igand i n a s tepwise manner i n the 
fo l l owing way : 
M + X ^ MX, K. = ^— • • • • ®^^  
^ V ^ X 
MX + X J . <^  MXj. K2 = "^^ . . . . ( 9 ) 
^MX- ^ 
MXjj.j^ + X ^ ^ ' ® ^ ' ^ ' ^ • • • • ^^^^ 
' " ^ - l * ^ 
These constants of e q , (8) - (10) are c a l l e d s tepwise s t a -
b i l i t y or formation c o n s t a n t s . 
In order t o f ind out the r e l a t i o n s h i p between s t e p and 
overa l l c o n s t a n t s , we may c o n s i d e r , for example, the express ion 
^ ° ^ PMX4 
3 . . , = ^"^4 
^M- < ^ > 
^MX. 4 
a„. (a^)4 
^MX 
*M*^X 
^m 
^MX 
^MX2 
*MX-*X 
^MX2 
^MX2 
-MX3 ^ 
^MX2**X 
^MX3 
^MX3 
4 
^M5C3**X 
^ 1 • *^^ • Ki.^ » A 
Itius* In general 
^ n ' ^ 1 * ^2» ^3 ^ 
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n 
j=n 
JT K. . . . . (11) 
j - l J 
In systems where i t I s p o s s i b l e t o maintain the a c t i v i t y 
c o e f f i c i e n t s of each s p e c i e s c(»istant« concentrat ion quot i en t s 
or s t o i c h i o m e t r i c s t a b i l i t y cons tant s may be used and are 
def ined by 
"7^ 
^c 
K^  iLj± Li— (12) 
and. 
Pn C-.] 
W • M" 
B / « ' '^K'" (13) 
Factors a f f e c t i n g the s t a b i l i t y of a complex Ion 
The s t a b i l i t y of a complex ion depends t o a large ex tent 
(X) ( i ) the nature of the c e n t r a l i o n , and ( i i ) the nature of 
the l i gand . Regarding the nature of the c e n t r a l i o n , i n g e n e r a l , 
the greater the charge d e n s i t y on the centra l i<Mi, the greater 
i s the s t a b i l i t y of i t s complexes. In other words, the greater 
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the charge and the smaller the s ize of an i o n , greater i s the 
s t a b i l i t y of i t s complexes. The order of s t a b i l i t y of the 
complexes of sc»ne Lcxas carrying the same charge but differing 
in ionic radi i i s as follows : 
ion = Ou+t N i * V Ce+2 ^ Pe+2^ m*^ 
lonio radius (A°) ! °'^^ "•''a 0.82 0.83 0.91 
Electronegativity of the central ion a l so influences the 
s t a b i l i t y of i t s complexes. The higher the e lectronegat iv i ty 
of the central icm, the greater i s the s t a b i l i t y of i t s 
complexes. This i s because the bonding bet%#een a central ion 
and a ligand i s due to the donaticxi of electron pairs by 
the l igands. 
Regarding the nature of the ligand, the more basic a 
ligand, the greater is the ease with which it can donate its 
lone pairs of electrons and therefore the greater is the 
stability of, the complexes formed by it. For anionic ligands, 
the higher the charge and the smaller the size, the more 
stable is the complex formed* 
Stability constant and its Importance 
Stability ccaistants for metal complex formation have 
long been employed as an effective measure of the affinity 
of a ligand for a metal icai in soluticn. It has served as a 
qualitative indication of the success or failure of ligand 
design. 
Ih 
The experimental determination of s t a b i l i t y constant 
greater than zero Is a strong evidence fca: a particular 
c<xnplex having a real existence In solution, vftien a l l s ta -
b i l i t y constants for a system are known. I t I s possible to 
calculate the equilibrium concentrati<ms of a l l species 
present under the experimental conditions used. The values of 
s t a b i l i t y constants can a l so be used to predict the conditions 
required for the com^^lete or maximal formations of a given 
complex. Reliable information of th i s type may be of great 
importance in planning analyt ical and separative procedures. 
Also, the equilibrium constant for a reaction i s 
related to free energy change by the re lat ion 
-RT In K - A G ° = A H ° - T A S ° . . . . (14) 
Analysis of Q- and K into their components and entropy terms 
i s a must t o better understanding of many factors (such as 
s i z e , shape, the e lectronic structure of the central group 
and the ligand) which influence the s t a b i l i t y of a complex . 
S tab i l i ty constants may be used for the e lucidat ion of the 
molecular and ionic species present in very complex biological 
and environmental systems. 
Three Important developments have occiared recently 
in solution coordination chemistry which provide a major role 
for s t a b i l i t y constant determinations and re lated information 
in the further development of the f i e l d . These are 
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( i ) the development of the chemistry of macarocycllc and raacro-
b icyc l i c complexes with the accompanying new challenges t o 
llgand design and synthesis and potential achievenents in 
the study of new complexes with novel properties , high 
s t a b i l i t i e s and Important applicaticais, 
( i i ) the development of the new f i e lds of bioinorganic chemistry 
and inorganic envir(»raental chemistry, both of which 
require knowledge of the complexes formed in multicomponent 
systems containing many llgands and metal i o n s , and 
(111) the development of computational methods for processing 
equilibrium data t o provide more accurate and more rapid 
determination of s t a b i l i t y constants and the extention of 
method t o multldentate ligands and to systems of many 
metal ions and ligands that are too complex to have been 
invest igated by c la s s i ca l methods. 
Determination of s t a b i l i t y Constants 
Any method which may be used t o determine with reasonable 
acctiracy the concentratic^i of at least one of the species in 
equilibrium provides the information needed, together with the 
known analyt ical composition of the experimental so lut ion, t o 
calculate the concentration of a l l of the remaining species 
present at equilibrium and hence the equilibrium constant. 
I f a suf f ic ient number of such equilibrium measurements are 
made over a range of condit ions, accuurate values of s t a b i l i t y 
constants that apply within the range of reacticai conditions 
employed can be obtained. At present, there are various 
methods (eg. potentiometry, spectrophotometry, NMR spectro-
scopy, polarography, calccimetry, ion exchange, ionic conduc-
t i v i t y , e t c . ) for the determination of s t a b i l i t y constants. 
Among them, potentiometry and spectrophotometry are by far 
the most important methods. 
potentiometry i s one of the most convenient and succe-
ssful techniques used for metal complex equilibrium measurements, 
Here we are using the highly accurate glass electrode for 
measuring the hydrogen icwi concentration in a procedure termed 
potentic^netric t i t r a t i o n where, for example, standard base 
i s added in small increments to a well characterized acid so lu-
t ion of the ligand in the absence and in the presence of tota l 
metal ion coacentrAtion. Potentiometry does not provide micro-
scopic information involving ident i f i cat ion of protonation and 
metal coordination s i t e s on a ligand. For such information, 
spectroscopic measurements ( e .g . NMl) or photometric absorbance 
studies are needed. Also, here the measurement of hydrogen ion 
concentration may be employed when the degree of complex for-
mation i s sens i t ive t o the hydrogen icm concentration i . e . the 
degree of complex formation undergoes measurable change as 
the pH i s changed. vJhen that does not occur, because the ligand 
i s weakly basic and has l i t t l e or no a f f i n i t y , for hydrogen 
icxis, other methods are «nployed. 
Now we consider the electrochemical methods, of which 
the most widely used i s polarography. In t h i s method the 
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effect of llgand on the reduction potential of a netal ion 
at a dropping mercury electrode (dine) is determined. Two of 
its important advantages are (i) the instrument is relatively 
simple, and (ii) the technique can identify and determine 
the properties of a number of species simultaneously. 
Polarographic methods for the determination of stability 
constants of metal complexes may be divided into three cate-
gories, viz : 
<i) methods applicable to reversible reductions? 
( ii) methods applicable to Irreversible reductions; and 
(iii) methods applicable to both reversible and irreversible 
systems* 
We shall describe here the methods applicable to 
reversible reductions only, as these ^^re used to determine 
the stability constants of both binary and ternary metal 
complexes in the present work. 
The potential E of dme for a reversible electrode 
67 process is given by Heyrovsky-Ilkovic equation with an 
accuracy of about +2%, 
RT» ,_ / 1 
£ ^^ 1/2>S - ^W 1" ^1-^ > --^IS) 
where (E / j l^ is the half-wave potential of the free metal 
ion in the solvent, Z i s the number of electrons involved in 
the electrode react ion, i^ i s the l imiting diffusion 
GO 
current and ± i s the current corresponding to the potential 
E, vAien we add ligands the half wave potential o£ the system 
i s shifted by an amount ^ £ . 7 2 proportional t o the s t a b i l i t y 
constant of the complex ' . I f the a c t i v i t y coef f ic ients of 
a l l the species present are constant and i f the diffusion 
coef f ic ients of the metal and i t s complexes are equal, then 
^ ^ 1 / 2 - (^1 /2) s • (^1 /2 )0 
RT 
ZF f In j i ^ + nln Qc] V . . . (16) 
vhere (E, / j ) - i s the half-wave potential of the complex MX , 
I f we plot i^^.^^gkiDst In Qc] , a straight l ine i s obtained 
from *4iich z can be obtained from the slope and Q from the 
intercept . A large excess of ligand i s used in experiments 
because the approximation that the free ligand concentration 
equals the to ta l ligand concentration, i s usually made. When 
57 several complexes are formed the plot of A E , /j against 
ln(x]] wi l l not be a straight l ine but w i l l cons is ts of 
several segments, then from each of which the values of Z 
andfijj are evaluated. I f the s t a b i l i t i e s are c lose ly 
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related ' then i t can be shown that 
exp <^V2'^^" - ^ } = %P^^ W^ - (17) 
where Dj^  and D^ are the diffusion coef f i c ients of free and 
complexed metal ions . We can solve the above equation 
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manual ly by L e d e n ' s method. I f t h e case i s of i r r e v e r s i b l e 
r e d u c t i o n , a c o m p e t i t i v e system may be used i n which a second 
r e v e r s i b l y r educed me ta l i o n i s added t h a t a l s o ccanplexes 
with t h e l i g a n d under s tudy . 
Among t h e newer methods of d e t e r m i n i n g s t a b i l i t y 
c o n s t a n t s of complexes from h a l f wave p o t e n t i a l s and from 
74 l l i a i t i n g c u r r e n t s t h e c o n t r i b u t i o n of DeFort and Hume 
was t h e f i r s t s e r i o u s a t t empt of t h e s t e p e q x i i l i b r i a between 
s u c c e s s i v e l y farmed complexes i n s o l u t i o n . T h i s method i s 
based an d e t e rmin ing t h e dependence of t h e ha l f -wave p o t e n t i a l 
of t h e d i f f u s i o n c o n t r o l l e d w^ve of r e v e r s i b l e meta l d e p o s i t i o n 
on t h e c o n c e n t r a t i o n of t h e complex forming agen t and a l s o on 
t h e a n a l y s i s of t h e v a r i a t i ( x i s of t h e ha l f -wave p o t e n t i a l 
and the d i f f u s i o n h e i g h t . 
Consider t h e r e v e r s i b l e r educ t i ca i of t h e con^lexed 
i o n t o t h e m e t a l l i c s t a t e i n t h e form of an amalgam a t t h e 
dme. The r e d u c t i o n p r o c e s s can be r e p r e s e n t e d a s 
V M^"*" ^ MX ? = = ^ MXj <• ^ MXyj 
E ° , 2 
$ 
M(Hg) (18) 
such a n o t a t i o n emji ias izes t h e f a c t t h a t i t i s imposs ib l e 
for r e v e r s i b l e r e d u c t i o n r eac t i cx i t o de te rmine which of 
t h e s p e c i e s a c t u a l l y r e a c t s wi th the e l e c t r o d e i n the 
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e l e c t r o n transfer p r o c e s s . I f the above processes take place 
r e v e r s i b l y and much more rap id ly than the rate of natural 
d i f f u s i o n of i ons t o the e l e c t r o d e s u r f a c e , then the p o t e n t i a l 
of the droe a t a l l p o i n t s on the polarographic wave i s given 
by 
.o 
= - ^A - "ZP- '^^  -O / 
A^ '^ M 
where C^ and C^ are the concentrations of the amalgam and 
the metal ion at the electrode surface, S^ and V^ ^ being 
their respective activity coefficients. E° is the standard 
potential of the amalgam. 
The overall thermodynamic stability constant, B.^ , 
Of the complex MX. (charges are omitted for brevity) is 
given by 
p . ''"l .... (20) 
The concentraticm of the complex in the bulk of the solution, 
for a given concentration of metal ion and ligand, can 
therefore be written as 
CM = L— .,..(21) 
J ^MX. 
At the e l e c t r o d e surface the metal ion w i l l have a concen-
t r a t i o n given by 
C° J M M X (22) 
"-MX. 7~ 
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summing I t over a l l p o s s i b l e s p e c i e s , we get 
^^MXj S M^ ^ J (23) 
o MXj 
On rearranging eq , ( 2 3 ) , we get 
C S - ^ J '^J (24) 
>^H I^HXj (a^)^ 
S u b s t i t u t i n g i n eqn. (20) g ives 
E. E° - ^ in c° 7, ^i!!!j_J^ (^ => 
A ZF A A . 
I f the complexed i o n s reach the e l e c t r o d e by diffusicwi on ly , 
the mean current at any part of the reduct ion wave may be 
given by 
where k i s the c a p i l l a r y constant and I _ , represents the 
MX J 
i n d i v i d u a l d i f f u s i o n current c o n s t a n t s . 
A l t e r n a t i v e l y , 
where I^ i s the experimental mean value of the d i f fus iot i 
current constant f o r the mixture of complexes which i n terms 
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of the values for each individual species* is expressed by 
-^ c " J J J ...• (28) 
I PMXJ {a^)V 7^ _^  
s imilarly the diffusion current i s given by 
Also, within amalgam, the concentration of the metal atoms 
i s re lated to the current by 
i « k I^ C° . . . . (30) 
where I . i s the diffusion current constant of the metal A 
atoms in mercury. 
From eq« (27) 
^ c I ^ S x j = ^ ^ c l S x j - ^ 
= i^ - i (by eq. 29) 
so that 
substituting for ^ c ^ in Eq. (25) we have 
^ - ^^ ^ ^ ^ ' ^ ' I"'"•'•'''''' •••''^' 
A a MXj 
If i = ^d/^* *-^" *^^ ® expression for half-wave potential 
of the reduction wave of the complexed ion i s 
3 r: 
,,4^A^P'«r'v^ t^l/oJr - < - - W l"* -T^^A ^_:_;2J i:^  . . - . ( 33 ) 1/2'c " ^A 2P 
MX J 
( E w o ) « - E ° . 4 L . m - ^ . 4 ^ . . . . (34) 
For a simple metal Ion, the half wave potential I s 
SO, the sh i f t In half-wave potential due t o excess llgand 
Is now given as 
^^1/2^S • ^^1/2^C ' ^1/2 
2.303 RT / Ic^jI^^hJhL^ ..(35) 
J 
In order t o calculate the Individual over a l l ccmstants, the 
above equation can be rearranged t o the form 
4.*-, I 0.4343 ZF ^ , , M^ . 
antl log ( ^; ^^1/2 ''' ^°^ " l— ' 
' \ \ W, ^^'''^-'' . . . (36) 
MX. 
Ihls may be expressed In the form 
2 
MX ^ 2 
T» . . . 
^fn X" < ^ 
....(37) 
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The l e f t hand s ide of eq, (37) emphasizes t h a t i t i s a 
function of the f ree l igand concentra t ion while t he sununation 
on the r i g h t hand side has been given in the expanded form. 
The i n i t i a l terra, B _ i s the s t a b i l i t y constant of the ' z e r o 
complex* which, by d e f i n i t i o n , has the value un i ty . 
For weak complex systems, |[jc]] i s considered equal t o 
the a n a l y t i c a l l igand concent ra t ion . Working in so lu t ions of 
constant i o n i c - s t r e n g t h we can keep a c t i v i t y coe f f i c i en t s 
cons tan t . But these wi l l not be t r u e thermodynamic constants 
and are v a l i d only for fur ther ca l cu l a t i ons applying t o a 
medium of the same i o n i c - s t r e n g t h as t h a t used in t h e i r 
determinat ion. I f we can maintain the i o n i c - s t r e n g t h cons-
t a n t the a c t i v i t y quot ien ts in eq . (37) can be dropped and 
t h e r e f o r e , 
Po Cx] = 1 + P i M + P2 DO^ + • • • • Pn o r ••• ^38) 
Now, the s t a b i l i t y ccoistants ^^, ^2**** ^ n ^^^ ^ determined 
by the extrapolat icai method of Leden^ * . I t i s apparent 
from eq, (38) tha t a graph of F^jV] versus Qx] wi l l be a 
s teep ly r i s i n g curve. VJhen Qc] approaches z e r o , the graph 
w i l l have a slope of ji^ and an i n t e r c e p t l . Therefore , we 
can define 
Now a p lo t of F^OO ^^a ins t corresponding [Vjwil l have a 
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slope p2 ^"^ ^^ i n t e r c e p t p^ on the P^jx] - a x i s . S imi la r ly , 
for the penult imate cx>mplex MX^^ .i» the F^^^j^fx] function i s 
given by 
V2 M-Pn.2l 
. . .H^- H Pn. l*PnH •••(«<» 
Here the F .X^] versus [x"J plot will be a straight line 
and indicates that the penultimate function has been reached. 
The final function Fj^ Qc^  will be independent of ligand 
concentration and thus 
(41) 
so tha t a s t r a i g h t l ine p a r a l l e l t o the x - a x i s i s obtained. 
This method i s va l id for systems with e lec t rochemical r eve r -
s i b l e behaviour and i s useful i n the case of complexes of 
s imi la r s t a b i l i t i e s . 
Schaap and McMasters* method for Mixed Ligand Systems 
Schaap and Monaster developed a l og i ca l extension 
of DeFor4 and Hume method by applying i t t o cases vdiere metal 
ion canplexes with two l igand species simultaneously in 
so lu t ion . 
Mixed l igand complexes are those in which more than 
one kind of l igand , other than the solvent molecule, a re 
present in the inner most coordinat ion sphere of the cen t r a l 
metal i a i and can be represented by the general formula 
3S 
JMX^  Y. ,•••71 • The formatlgn constants evaluated in spec t ro -
photometric and i n other methods * as well as purely 
s t a t i s t i c a l cons idera t ions i n d i c a t e t h a t mixed ligand complex 
formation i s a general and common phenoroencxi whenever two or 
more l igands are present in so lu t ion and t h a t a c tua l l y mixed 
complexes should be prefered over simple complexes whenever 
the concentrat ion of the l igands involved are such t h a t the 
jaroducts of the formation constants for the simple complexes 
and the concent ra t ions of the l i g a n d s , r a i s e d t o the appro-
p r i a t e power are almost equa l , i . e . . 
^Mx^ Dd^ = ^MYj [yV = ^M2^t.^l 
DeFord and Hume's t reatment can be extended t o the 
more general case in which more than one kind of l igand can 
add t o a given c e n t r a l ion t o form mononuclear complexes* 
i . e . M + i x + jY + \ MX^  Y (42) 
in which i , J . . . . are stoichioraetry numbers and X,Y two 
d i f f e ren t l igand s p e c i e s , the DeFord Hume type F jjc] 
function may be extended t o give a new function F n'^»'M 
expressed in the form 
Ihe function F^^ C^ '^ l '^^^ ^ given in terms of half-wave 
po t en t i a l s h i f t by 
[X.V] - a „ t i l o , j £ . ^ i 2 - - A K , / , . l o , - ^ j 
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Tile descriptlcm of the analysis of the F ftinction fee 
the formatloa constants of the mixed ligand syst«n will be 
r e s t r i c t ed t o the case of two different ligands of the same 
functicxiality, assuming that at most a t o t a l of three can 
add t o the central ion. The ^oo ^ » Y | functic»i can be fac-
tor ised and written in the form 
^ o o B ' 3 ' [ P o O ^ P o i H + P 0 2 & ] ' ^ P 0 3 H ' ] C X ] ° 
^[Pio^ Pii H + Pi2 H ' j a 
-[P20- P21 HJH ' 
^{P30JK' .-. (45) 
^00 f ' ^ = A + B [x] + C [x]^ + D [x]^ . . . (46) 
The quantities A,B,C and D are defined by eq, (45) and are 
constants at each given value of [Y]. Here [Y] is regarded 
as maintained constant, v*iile [x] is varied. A relation of 
the same form at constant [x] and varying [Y] can be 
obtained as 
F 0 0 CY.X] -[POO *FIO K * P20 & *ho H ' J H ° 
f 02 - |3i2 HjtT 
or 
^00 & ' ^ = A* + B« [Y] + C* [ Y ] 2 + D» [ Y ] ^ . . . (48) 
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I f experimental data are obtained under condi t ions such tha t 
the a c t i v i t y of one of t he l igands remains cons tan t while the 
other i s va r i ed , which i s p a r t i c u l a r l y easy t o do i f the 
l igands vary s i g n i f i c a n t l y in b a s i c i t y , then the r e s u l t i n g 
P data can be r e a d i l y analyzed by a Leden type approach. 
The value of the constant A a t a given a c t i v i t y of Y 
can be ca l cu la t ed i f the consecutive formation constants are 
known for the simple system containing the metal ion with Y 
a lone . This value of A may be compared with the value of A 
obtained by p l o t t i n g P versus j^x]] a t the same value of Lx]* 
Ihe plot r ep re sen t s a cubic equatic»i t^ose i n t e r c e p t a t 
fxl sr 0 i s A and ^Aiose l im i t i ng slope a t rjc] —^ O i s B. 
I f the i n t e r c e p t value of A i s subs t rac ted from F 
•^  oo 
and the r e s u l t i n g quant i ty divided by |jc"] a t each value of Vxl, 
a p lo t of t h i s F.Q function versus [x'J r ep r e sen t s a quadra t ic 
functicxi whose i n t e r c e p t i s B and l im i t i ng slope i s C, i . e . . 
^10 = J - : i r U B + C 1x1 + D \ x T . . . . (49) [ ^2l l^- j=  . C [Xl . D LxT 
continuing t h i s procedure, the F20 function i s seen t o be 
l i n e a r with slope C, and P^Q i s equal t o the constant D, the 
^3 0 ^® 0^3 p lo t being hor i zon ta l t o t h e [ x j - a x i s . 
From (46) and (47) , i t i s c lea r t ha t D i s equal to 
P^Q, the ove ra l l complexity constant of the simple system 
containing the metal ion with X a lone . The value of C i s 
41 
equal t o fB 20 + ^ 21 W ^"^ allows the value of p ^i ^ ° ^ 
ca lcu la ted d i r e c t l y i f P20 ^^ known for the simple system. 
The expression for p conta ins two xinknown cons tants j^ n 
and p , 2 * ^^ add i t ion t o p> ^Q* which can be known from the 
simple system, thus B must be measured a t a minimum of two 
d i f fe ren t values of [[^3 t o evaluate the two unknown constants , 
The concentrat ions should be chosen so t h a t the 
corresponding complexes are present in so lu t ion in appreciable 
amounts. 
Applicat ions of S t a b i l i t y Constants 
Wherever metal ions and l igands a re p r e sen t , there 
e x i s t s an e q u i l i b r i a between them. The app l i ca t ions of 
s t a b i l i t y cons tan ts a re almost i n every f i e l d . As the l igands 
used in our s tud ie s are of b i o l o g i c a l importance, the a p p l i -
ca t ion of s t a b i l i t y cons tants i n l i f e sc iences only i s 
disciissed below. 
Both metal ions and l igands a r e present in s ign i f i can t 
70»-72 q u a n t i t i e s in both p lan t s and animals . The metal ions 
which a re e s s e n t i a l for man and the p r inc ipa l l igands present 
i n man are stunmarised, r e s p e c t i v e l y , in Tables 2,1 and 2 . 2 . 
The word ' e s s e n t i a l * i s l imi ted t o those metal ions 
present in a l l hea l thy t i s s u e s , having f a i r l y constant 
concentrat ion range across species and whose removal causes 
reproducible physio logica l abnonnal l t l es t h a t are reversed 
Table 2,1 : Essential metals in man. 
Metal Role Preferred donor 
Na, K 
Mg, Ca 
Charge transfer, 
nerve transmission 
Structure forming 
(Cell walls/bones)* 
hydrolysis phosphate 
transfer 
Function unknovm 
Mo, cu 
cr 
Mn 
Pe 
Co 
Ni 
Zn 
Redox reagent 
carbohydrate 
metabolism 
Redox reagent, 
hydrolysis 
Redox reagent, 
0- transporter 
H and CHj group 
transfer, redox 
reagent 
Function unknown 
Hydrolysis, pH 
control 
N,S 
0 
0,N,S 
N,S 
N,S 
N,S 
N,S 
J 
Table 2.2 : Principal llgands found in man. 
Simple ligands 
H2O, CH", Cl", HCO^, phosphates, soj" , F", 
Br"*, l" 
More complex ligands 
proteins, based on amino acids linked through a p 
peptide -C-N- backbone; the side-chain have N,s and O 
H 
donors as well as aromatic r ings . 
carbohydrates and oarboxylic acids have o donors. 
Nucleic acids have N and O donors as vfell as 
phosphate groups. 
Lipids have O and o l e f in i c donors. 
steroids have o and o l e f i n i c donors. 
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upon r e a d m i t t i n g t h e me ta l i o n . I t i s a p p a r e n t from the two 
Tables t h a t l i f e i n v o l v e s a l a r g e number of me ta l l i g a n d 
complex e q u i l b r i a * 
Demonstra t ion of t h e a p p l i c a b i l i t y of s t a b i l i t y 
c o n s t a n t s t o a l l t h e meta l i o n s i nvo lved i n l i f e i s not 
p o s s i b l e : c i t i n g a r e a l example would perhaps exemplify 
t h e i m p o r t a n c e , 
Ttie amount of meta l t h a t a g iven l i g a n d b i n d i n g s i t e , 
B, can a b s o r b i s g iven by 
Amount of M complexed 0 6 \ji~\ Kj^ • . , (50) 
The b i n d i n g s i t e can be e i t h e r menedenta te or m u l t i d e n t a t e * 
Eventhough e q , ( 5 0 ) h e l p s b i n d i n g s i t e s t o d i s t i n g u i s h between 
two me ta l icxis on t h e b a s i s of b o t h t h e c o n c e n t r a t i o n of f r e e metal 
and t h e m e t a l - b i n d i n g s i t e s t a b i l i t y c o n s t a n t , i t does no t 
d i s t i n g u i s h a lways i n a s u f f i c i e n t way. F u r t h e r s e l e c t i v i t y 
can be i n t r o d u c e d k i n e t i c a l l y by i n t r o d u c i n g two b ind ing 
1 2 
s i t e s (B and B ) and k i n e t i c c o n t r o l of t h e r e l e a s e of 
meta l i o n s from s i t e s B 
MB^  5—^ ^ . . . (51) 
Among the various )aiown ligands, zinc has higher 
stability constants than magnesium. The protein that inserts 
magnesium into chlorophyll preferentially coordinates zinc, 
and therefore KgnB^ yri-^l be much greater than Kj. _1. In part 
4 r 
the amount of z inc complexed by t h i s pro te in (B ) i s l imi ted 
by the smaller amounts of z inc r e l a t i v e t o magnesium present 
i n na tu re . Thus about 1% of the t r ans f e r p ro te in i s complexed 
t o z inc and 99% t o miagnesium. However, chlcarophyll (a porphyrin 
l i t e molecule) complexes zinc about 10 t imes more s t rongly 
than magnesium. So, a t equ i l ib r ium, only z inc chlorophyll wi l l 
be formed. By using k ine t i c cont ro l by having an i r r e v e r s i b l e 
kj_2 s t e p , as i n Eq. (Sl)» i t i s possible for the r a t e of 
2 
cOTiversion of MgB t o be many orders of magnitude fa s t e r than 
1 2 
for 2nB t o ZnB conversion. In t h i s way magnesium can form 
a chloroj*iyll complex (B = ch lo rophy l l ) , and i f magnesium 
coinplex formation i s i r r e v e r s i b l e t h i s would prevent the 
entrance of zinc. 
A t o t a l ana ly s i s of our body would show the presence 
of most of the elements of the per iodic Table ; eventhough 
many of these a re introduced a c c i d e n t a l l y . On exsamination, 
i t was found t h a t as a function of concentrat ion they follow 
one of the two broad curves (a) and ( b ) , as given in Fig. 2 . 1 . 
I t i s c lea r t ha t excess of any element, t ^e the r e s s e n t i a l or 
n o t , i s harmful and the degree of harm depends on the element. 
A classificatiOTi of the degree of t o x i c i t y (Table 2.3) shows 
t h a t the heavier elements are genera l ly more t o x i c , we 
obtain t r ace metals from dr inking water , unwashed vegetables 
and f ru i t s» cooking p o t s , denta l f i l l i n g s and many other 
sources . 
Physiological effect 
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beneficial 
Concentration 
F I Q . 2 . 1 ' The physiological effects of elements occording to dosage 
(a) essential elements (b) poisons . 
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Table 2,3 : The t o x i c i t y of e lements 
N o n - c r i t i c a l 
H, L i , Na, K, Rb, Mg, Ca« Sr , A l , Fe, C, S i , 
N, p , o , s , P, C l , Br, 
Very toxic and relatively accessible 
Be, Sn, pb« As, Sb, Bi, se, Te, Co, Ni, Cu, 
Zn, Tc» Pd, Ag, Cd, Pt, Au, Hg. 
Toxic, but very insoluble or very rare 
Ba, Oe, Ti, Zr, Nb, Ru, Rh, La, H£, Ta, w. 
Re, Os, Ir. 
4^ 
The p r inc ipa l f ea tu res of a su i t ab l e reagent for 
removing unwanted metal ions a re : 
1) The i d e a l reagent w i l l be a raultidentate che la te tha t 
coord ina t ive ly s a tu r a t e s the metal ion and gives a water-
so lub l e , e a s i l y excreted complex* 
2) Ihe reagent must be s u f f i c i e n t l y small t o get through to 
the metal i on . 
3) The reagent must not be destroyed by the method of 
i n t r oduct i on. 
4) The donor groups in the l igand are chosen according to 
the hard or soft charac ter of the metal ion t o be removed. 
5) The s t e r r i c requirements of the metal ion must be cons i -
dered. 
6) I f the l igand or i t s complex have to pass through a c e l l 
membrane* which wi l l behave as a non-aqueous phase* then 
both should have a low or zero charge. 
7) Ihe s toichiometry of the metal l igand system must be 
considered. 
8) Both the l igand and i t s complex must be non- tox ic , 
When a new drug i s synthes ised , determination of i t s 
proton and metal ion s t a b i l i t y cons tants are e s s e n t i a l . I t 
i s then poss ib le t o determine the e f fec t of adminis ter ing 
a given dose of tha t drug on a l l the other components 
4:i 
of the blood stream. At present more than 9000 species can 
be considered a t once. The end resu l t i s to prepare plots of 
drug concentration actaainistered versus the concentrations 
of each of the species formed at equilibrium in the blood. 
By studying those plots of i n t e r e s t to the par t icular appl i -
cation concerned, i t i s possible t o optimise the amount of 
drug required and to determine how much drug i s required 
re la t ive to i t s toxic i ty . 
CHAPTER » I I I 
THE P<UAROGRAPHIC STUDY OP THE BINARY AND TERNARY 
COMPUSXES OP l E A D ( l l ) WITH CITRULLINE AND 5*-INOSINE 
MCMIOFHOSFHATE 
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complexes o£ nuc l eos ides and n u c l e o t i d e s * because of 
t h e i r importance i n b i o l o g i c a l s y s t e m s , have r e c e i v e d much 
more a t t e n t i o n during the l a s t few y e a r s . They g i v e u s e f u l 
information i n understanding the s p e c i f i c and s e l e c t i v e 
i n t e r a c t i o n s that taloes p lace i n biochemical processes* 
Because of the importance of nuc l eos ides* which provide 
a l i n k between purine and pyrimidine bases and n u c l e o t i d e s i n 
understanding the nature of metal n u c l e i c a c i d i n t e r a c t i o n s 
i n b i o l o g i c a l systems* we have undertaken a programme t o 
i n v e s t i g a t e metal i on in terac t i cms with amino a c i d s and 
n u c l e o s i d e s / n u c l e o t i d e s i n s o l u t i o n . 
The present work dea l s with i n v e s t i g a t i o n s of roixed-
l i gand complexes of P b ( l l ) with amino a c i d c i t r u l l i n e (C i t ) 
and nuc leo t ide Inosine-5'-monophosphate (IMp). Both the 
binary and ternary systems were s tud ied under i d e n t i c a l 
cond i t i ons (t«np • 37°c and I « 0.15 mol.da""^ (KNOgJ by 
polarographic technique . No mention of e i t h e r of the binary 
or of the ternary systems were found i n the l i t e r a t u r e , 
EXPERIMENTAL : 
Lead n i t r a t e (Qualigens* min, as say 99%) was obtained 
from Glaxo India Ltd^ Bombay^ c i t r u l l i n e (Loba) from Loba 
caiemie Indoaustranal C o , , Bombay, and Inosine-5'-monophosphate 
( I M P ) from S.D. Fine Chem, L t d , , Boisar . Tr i ton-x-100 and 
potassium n i t r a t e were of GR grade. 'Mercury for polarography' 
51 
(E, Merck) was used In the dropping mercury e l e c t r o d e . 
A l l the so lu t l cms were made In viater d i s t i l l e d twice 
i n an a l l g l a s s s t i l l . The i o n i c - s t r e n g t h was maintained 
constant t o 0, i5 mol.dm with potassiiun n i t r a t e . So lu t ions 
••3 —3 
t o be polarographed contained 5x10 mol.dn Pb(II ) and 
0.001% Tri ton-x-100 as maximum suppressor . 
polarograros were recorded with S y s t r o i i c Polarograph 
1632. Three e l e c t r o d e conf igurat ion was used wi th saturated 
c a l o n e l e l e c t r o d e as re ference and a Pt s p i r a l as counter 
e l e c t r o d e s . The dropping mercury e l e c t r o d e had a drop time 
of 2 s e c . a t an e f f e c t i v e he ight of 48 cm. Pur i f i ed n i trogen 
gas (i>assed s u c c e s s i v e l y through so lu t ioDs of a l lcal ine 
pyroga l lo l* ciiromous ch lor ide and the s o l v e n t water) was used 
t o deoxygenate the s o l u t i o n s (minimum time of bubbling "KJ^ 
30 min«) . 
pH measurements were made with EI4IC0 d i g i t a l pH meter 
model U - 1 2 2 us ing a combination e l e c t r o d e system. Every s e t 
of measurements were compared with the E.i2'-'valne of a 
standard s o l u t i o n of cadmium ch lor ide (CdClj.HjO, Loba) 
maintained a t t h e same experimental c o n d i t i o n s . 
RESULTS AND DISCUSSION 
Binary Systemss 
The s t a b i l i t y cons tants of binary ccroplexes of Pb(II ) 
with amino acid c i t r u l l i n e (Cit) and nuc l eo t ide IMP were 
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determined separately under ident ica l ccmdltions used for 
ternary systems. Excess ligand c<»centration with respect to 
that of the metal tOR was always used. The reduction of the 
metal i on , both in the presence and in the absence of ligands 
(AA or nucleotide) was found t o be reversible and diffusion 
controlled* 
Gradual increase in ligand concentraticm shif ted the 
E, /J-values of Pb(Il ) t o more negative values , thus i n d i -
cating complex formation. 
In the case of c i t r u l l i n e (AA) as the l igand, actual 
pH Of solutions varied between 5 ,81-6.23. 0.1 mol.dm 
KCH/HNO. was added dropwlse t o maintain the pH at 6.0 
( s l i g h t turbidity appeared at pH ^  6 .51) . The equilitcium 
concentration of unprotonated ligand jci t j was calculated 
from the pH and the to ta l analyt ical concentration of 
c i t r u l l i n e using appropriate protcmaticm constants (pK, » 
2 .43 , pK^ « 9.41)^. 
^ t h IMP as the ligand, the pH of original solut ions 
varied between 6,43-6.77 which were adjusted with n i t r i c 
acid to pH 6.0. 
The plots of sh i f t in E yj-'V^lxxea of Pb( l l ) versus 
the logarithms of the equilibrium concentrations of the 
c i t r u l l i n a t e and the nucleotide [lMp| , respect ive ly , i . e . 
A ^^/2 ^ » ^^ L?l • ^^ ® shown in Pig. 3 . 1 . vte see that 
smooth curves are obtained for both the systems indicating 
53 
3.4 
3.2 
3.0 
2.8 
g* 2.6 
2.4 
2.2 
2.0 I 
0.00 0.2 5 
Systems: 
O Pb( l l ) - Cit. 
PWII) - I M P 
- » 1 . 
0.30 0.35 0.40 0.45 
5.7 
5.5 
. 5.3 
. 5.1 
4 .9 
-Q 
4.7 
-I U 4.5 
0.50 0.55 
Fig. 3 .1 : plots of log [x] vs AE I /2 
54 
s tepwise complex fcarmations. It ierefojie , DePord and Hume's 
58 
method was used t o obtain the o v e r a l l s t a b i l i t y cons tant s 
of the binary complexes. Pert inent d e t a i l s of the F BG 
va lues are recorded In Tables 3 . 1 and 3 . 2 . The graphical 
e x t r a p o l a t i o n method of Leden was adopted t o obtain B v a l u e s . 
The curved F^ [x] p l o t , the l inear F^ jx] p l o t and the constant 
F, [x] value are c o n s i s t e n t with two complexes being present 
In Pb(lI)-IMP system, v i z . PbdMP)"'' and Pb 0 :M^2 ^^^9* 3*2) . 
L ikewise , formation of three complexes are evidenced with 
c l t r u l l l n e (Fig . 3 . 3 ) . The data can be expla ined In terms of 
the fo l l owing equi l ibr ium r e a c t i o n s : 
xo X (PbClMP)" ]^ 
Pb*"' + IMP .^  ^ Pb(IMP)*; B^Qj = . . . . (1) 
. , . [pb(iMp)ri 
Pb"*"^  + 2IMP ^ = = Pb(IMP)27 Bj^ Q2 = - I • • • • (2) 
Pb"^ ^ + <at~ = = ± Pb(clt)"^; B , , « = =i-- . . . (3) 
+2 - . fb (Cl t )7 ] 
Pb+^ + 2Clt i;;:^^ Pb(Glt )2; B^go ' — — ^ • • • ( 4 ) 
Eb-3 Bit-] 
U.2 - - f b ( c L t ) f ] . , 
Pb* + 3Cit ^ Pb(Glt )- , ; B, = - ^ ^ • • • ^^ ^ 
'130 |pb+?l £iti] 
ihe va lues of overa l l s t a b i l i t y constants are given 
i n Table 3 . 5 . Tables 3 . 1 and 3 ,2 a l s o show a comparison of 
experimental and c a l c u l a t e d va lues of log F [xl which 
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Table 3 , 5 i The Pormatlcm Constants of Binary and Ternary 
complexes of Pb(II ) 
(I = 0,15 mol.dm"^ (KNO^), temp, « 37°C, pH = 6 .0) 
complex Species log B 
PbdMP)"*" 
Pb(IMP)2 
Pb(Cit)''" 
Pb(Cit)2 
Pb(Cit)3 
Pb(IMP)(Cit) 
Pi 
P2 
Px 
P2 
P3 
Pi l l 
" 
-
3 
= 
» 
S 
3.7202 
6.3424 
3.3345 
5.4314 
8.5052 
2.2093 
60 
provide a use£ul check on the r e l i a b i l i t y of the adopted 
method. 
Ternary System t 
For the ternary system* the ccmcentration of the 
weaker ligand (nucleotide) was kept constant while varying 
the stronger ligand^(amino acid) concentratic«« The system 
was studied at two fixed concentrations of IMP i . e . at 
1.0x10 and 1.5x10 mol.cbn . A sh i f t in half-%*ave potential 
t o more negative values with increase in c i t r u l l i n a t e concen-
trat ion was observed. As reductions were poiarographically 
63 
reversible» the Schaap and McMasters method was used to 
evaluate the P functions at constant ionic-s trength. The 
values of the function, P^^ [}^ »Xl » calculated d i rec t ly from 
the half-wave potential and diffusion in tens i ty va lues , 
according to the equation 
o^o L^'^ " ^"tiiog ( 2i^|2Si^E^/2 + log - r ^ ). 
are given in Tables 3.3 and 3 , 4 . In the present case of 
Pb(II)-IMP-citrul l inate, the function i s given as : 
F o o L ^ ^ ' Ci^ 3 - [ l +PlOl tlMP) + P i 0 2 [JMPl^  +J3^Q3 [ i , § 3 j 
+[P 110 + P i l l &"a] feiti] . . . ( 6 ) 
In eq. (6) » P^on *"^ /^ Imo *^ ® ^*^ respective s t a b i l i t y 
constants of the binary complexes of pb(II) with IMP and 
Cit (See eqns. ^"^^ ^ (^ m i s the overall s t a b i l i t y constant 
61 
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of ternary complex which i s to be determined. For obtaining 
t h i s value, the Schaap-McMasters' function P^^ [?"?• ^it] 
i s considered in the following way : 
^oo D " P ' ^ ^ « A + B[c ig . . . . (7) 
Values of A and B were evaluated graphically (F igs . 
3 ,4 and 3 , 5 ) . Once the value of B i s obtained, p ^^^ can be 
evaluated from the knowledge of the B ^^Q value. I t was 
found that only one mixed complex, [pbdMPXcitfj , having 
log Pill =* 2.2093 i s farmed. 
A diagramatic representation of the di f ferent possible 
equi l ibria involved in the pb(II)-IMP-Citrullinate system 
i s shown in Fig. 3«6. 
The s t a b i l i t y of mixed ligand con^lexes can be 
ccmpared with that of simple complexes and the re la t ive 
s t a b i l i t i e s of ternary complexes can be quanti tat ively 
expressed in terms of Alogi^ valxies. The l^logK for the 
equilifarium 
Pb(cit)+ + Pb(lMP)+ ^=::^ [pb(lMP) ( c i t ) ^ Pb^^ . . . ( 8 ) 
i s given by the r e l a t i o n , 
AlogK . log p^^^ - &og p^^^ + log f^^^ . . . . (9) 
For the present system a negative value of AlogK (-2.61) 
i s obtained. This suggest that l : l » l mixed ligand species 
are l e s s stable than the simple 1:1 complexes (or formation 
2.8 
2.4 
O 
.O 
2.0 ^ 
1.6 
0 
P b ( l l ) - I M P - CIt System : 
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10 
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Fig. 3.4 Analysis of Fjo functions for Pb(ll) - IMP - Git system 
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6.34 
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of 1:1:1 species i s not favoured according t o equilibrium 
2+ (8) . I n other words, IMP hinds better t o Pb than to the 
binary PbCcit)"*" complex. This i s due to the fact that more 
coordination posit ions are available on Pb(II) than <xx 
PbCcit)* con^lex. The negative values of AlogK generally 
resu l t from the absence of e lec tronic e f f ec t s or spec i f i c 
interact ions between the two ligands in a ternary system. 
However, i t should be noted that the negative values of 
A logK do not preclude the formation of the ternary complexes 
in so lut ion. 
In the roetal-nucleoside*^liphatic amino acid systems, 
the ^ logK values are found to be l e s s pos i t ive in comparison 
to those of corresponding ternary systems with aromatic 
amino acids . Hiis suggests that the extent of interact icn i s 
wealoer than the stacking interacticm. Citrul l ine being an 
a l i f h a t i c ligand cannot participate in stacking interact ion 
and does not exert any cooperative e f fec t on the aromatic 
ring of the IMP. 
Amino acids usually act as bidentate ligands involving 
carboxylate (c6o") and amino ( ^ ^ groups and, in ac id ic 
medium, i t i s well establ ished that aiming the three potential 
donor s i t e s of nucleotides [ N ( 7 ) , phosphate oxygen and N d ) ] , 
N(7) and phosphate oxygen are found t o be more favoured 
s i t e s . Based on t h i s conclusion a tentat ive structure for 
Pb(lI) - lMp-eitrul l inate complex (1:1:1) in solution i s 
proposed (Pig. 3 . 7 ) . /:K5^^^ 
NH, 
C - O 
NH 
I 
6S 
• N H 2 
H2C— O-P —OH 
F i g . 3 . 7 . Proposed s t r u c t u r e of P b ( I l ) - I M P - C i t complex 
( 1 : 1 : 1 ) I n s o l u t i o n . 
6:f 
Rela t ive s t a b i l i t y of a ternary conqplex with respec t 
t o the parent binary ccxnplexes can a l s o be evaluated from 
the e x p r e s s i o n , 
- ^ [ p b C d t g - H - ^ [pb(iMP)^ ^ = A [ ; p b ( i M P y c i t g 
. . . . ( 1 0 ) 
(m + n = p) 
Therefore, the mixing c o n s t a n t , Kni» '^^^ ^ deduced by 
[pb(IMP)jj(cit)~l 
m 
[pbCCit)^ "'/P . gb(lMP)T'*/P 
"inro 
PlOP™/P.p,p^'»/P 
. . . • (11) 
or logK^ « log f^^ - - ^ (m log p^Q^ + nlog p^p^) . . . ( l 2 ) 
Thus the formation of 1:1:1 mixed complex can be 
considered from the e q u i l i l x i a , 
- i - [pbdMP)^! + - | - [pb (c i t )~ | ^-—^ [pb(IMP)(clt3] 
/ . l<^ g K^ = ^og p i i j - 4 - [log p^02 * ^^^ HIQI «•• ^^^^ 
S t a b i l i s a t i o n c o n s t a n t , K , for l igands of same 
d e n t i c i t y i s g iven by 
log Kg = log Kj^  - log 2 I . . . (14) 
70 
The values of K and K are found t o be 0,0362 and 
m s 
0.0181, respect ive ly . The posi t ive values of mixing and 
s t a b i l i s a t i o n constants show that the mixed complex i s rela-
t i v e l y more stable than the simple 1:2 complexes. 
B I B L I O G R A P H Y 
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